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Some Effects of Air-Entrainment 
and Coarse Aggregate Type on the 
Properties of Concrete 


By CHARLES E. WUERPEL 


Engineer-in-Charge 

Central Concrete Laboratory 
North Atlantic Division 

Corps of Engineers, U. S. Army 
Mount Vernon, N. Y. 


WAS particularly pleased to 
be invited to address you 
because I have had the feeling 
that the cement industry has 
been far more active in their 
interest in availing themselves 
of the facilities of our labora- 
tory than has the aggregate 
industry. We are a public insti- 
tution, conducted by the Corps 
of Engineers of the U. S. Army, 
and our function is a dual one. 
Unfortunately, I am afraid that you know our 
laboratory best in only one of its phases, that of 
accepting, or rejecting your product. The second 
phase is research and development. 

I consider the “acceptance” phase to be definitely 
the lesser in importance of our two missions, and I 
have been impressed by the fact that when a mate- 
rial is submitted to us for acceptance or rejection, 
it is a rather cut and dried affair. Either the mate- 
rial meets the project specification and is used, or it 
does not meet the specification and is not used. I do 
not know just where the fault lies, but that is not 
guite the attitude that has developed between our- 


1 Presented at the 28th Annual Convention, National Crushed 
oe ae. Hotel New Yorker, New York City, January 


e Every so often a new idea comes to light which 
results in very considerable benefit. That has oc- 
curred in the Portland cement concrete indus- 
try. It has been found that the introduction of 
minute quantities of materials which will act to 
entrain a small volume of microscopic bubbles 
in concrete will greatly improve its resistance to 
freezing and thawing. The present article by an 
outstanding authority discusses this subject in a 
very interesting way. 


selves and the cement industry. We work together 
and try to avoid rejections by making the cement 
acceptable, and I would like to invite you at this 
time to make such use of the laboratory. I get no 
pride, no joy at all, out of rejecting anyone’s mate- 
rial; whether it be crushed stone, gravel, sand, 
cement, or membranes for curing concrete. 


I think, too, if I may be permitted to criticize (and - 


if I do, it is in the best possible spirit), that you have 
not taken advantage adequately of what your very 
brilliant speaker, Colonel Chevalier, stressed last 
night, that progress in this world in the postwar 
period is going to depend very largely on science 
and technology. Well, science and technology have 
te be fed as well as the laborer and the management 
of which Colonel Chevalier spoke, too. It costs 
money, and I think that I can cite the fact that the 
cement industry has recognized this and spends an 
incomparably greater amount of money on develop- 
ment and research than does the aggregate indus- 
try—and I use that term collectively and not solely 
to apply to your Association. 

You have an eminent Director of Engineering. It 
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is not my place to state what his facilities should be, 
but I think that you have depended too much on 
others to obtain information which you need for the 
development of your product to the point where 
there will be a more apt use of your product, a more 
general use, and a more satisfactory use. 

I was invited to speak to you on the subject of con- 
crete durability. Obviously, that is a very, very broad 
subject which I could not conceivably cover in any 
reasonable period of time, but since today the sub- 
ject of air-entrainment forms the focus of thoughts 
of durability, I will make the basis of this address a 
series of tests that we ran during 1943 and 1944, some 
of which are still incompleted, in which we tried to 
determine means of improving the usability of Vinsol 
resin with cement to improve the durability of 
concrete. 

We have tried to keep our attitude toward air- 
entrainment definitely in the fluid stage. We became 
convinced in 1939 and in 1940 that the use of Vinsol 
resin in cement offered promise of being the greatest 
improvement in the technology of concrete that has 
come into use since Portland cement was first made. 
We have used a great deal of such cement. We have 
used over 2,000,000 barrels of it in some 168 projects. 
We did not get uniformly excellent results. Had we 
expected it, we would have been very rash. We 
knew it was a new material and that we would have 
to learn how to use it, and in at least 95 per cent of 
the cases, we did benefit tremendously by its use. 
However, our constant effort has been to improve 
means by which it could be used, so the program 
which I will get into very shortly now dealt with the 
use of. cement treated with the original so-called 
flake Vinsol resin; and then, too, with the cement 
treated with a neutralized Vinsol resin. If you will 
-bear with me for a moment, I would like to indicate 
‘to you the fundamental difference between the two. 

When Vinsol resin was first interground with 
cement, it was added as the resin, nothing more than 
that. It depended upon being neutralized and made 
into a metallic soap by reaction with the readily 
soluble alkalies which go into solution when water 
is added to the cement. Prior to the time the cement 
was added ta the mixer, the material was simply an 
inactive resin. It had done nothing to the cement. 
But in the very brief period in which it was in the 
mixer with the cement and with the water, the resin 
was neutralized into a metallic soap which had the 
sSudsing properties which brought about the entrain- 
ment of the air. However, that was depending too 
much on a gamble as to how much of this soluble 


aikali would be dissolved in the brief period during 
which the concrete was in the mixer. Also, there 
were certain inhibitors and catalysts present which 
made the results rather unpredictable. So we 
worked on the problem of adding the Vinsol resin 
to the cement in a pre-neutralized condition by mak- 
ing it a sodium resinate. 

The program that we have here was made possible 
by the cooperation of four cement companies? who 
agreed at some considerable cost to themselves to 
manufacture on a commercial scale rather large 
quantities of cement, the first portion of which was 
a plain cement meeting A.S.T.M. C-150 Type 2 or 
Federal SS-C-206a specification. Then they added 
flake Vinsol resin (0.03 per cent) and continued the 
run. Then they discontinued the flake Vinsol resin 
and added .01 per cent of the neutralized Vinsol 
resin. After having run that, they started adding .03 
per cent of neutralized Vinsol resin. The four lots 
of cement from each of the five mills were bagged 
and sent to the laboratory. We had over 200 bags 
of cement at the laboratory for the work. 

I am not going to try to stress the particular phase 
of this work which dealt with Vinsol resin as such, 
because also introduced into the program were two 
types of aggregate. Up to that time we had used 
the Long Island gravel as our standard aggregate 
for research tests. Due to the very diplomatic and 
agreeably persistent efforts of one of your members, 
we were induced to include a crushed stone in this 
particular program on a par with the gravel. Here- 
tofore, too, we have followed the policy of adopting 
@ given water-cement ratio and letting the cement 
factor be what it might be as a function of the co- 
efficient of friction of the aggregate; what we call 
the “cement demand.” In this particular case, we 
decided to keep the cement content constant and let 
the water-cement ratio be determined by the coeffi- 
cient of friction of the aggregate, which is something 
of a departure, and it is the effect of the aggregate 
on the properties of the concrete made under these 
conditions which I will stress in this address, 
although you will see the effects, too, of the various 
types of Vinsol resin. 

I know that slides, especially slides of tables, are 
not too agreeable to an audience. They are hard to 
follow, but it is necessary in this talk to rely princi- 


pally on fifteen slides and I hope that you will bear 
with me. 


2Lone Star Cement Co., Hudson, N. Y. plant. 
Universal Atlas Cement Co., Hudson, N. Y. plant. 
Glens Falls Cement Co., Glens Falls, N. Y. plant. 
Penn-Dixie Cement Corp., Bath, Pa., plant. 
Penn-Dixie Cement Corp., Nazareth, Pa. plant. 
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FIGURE 1 


CR-NVR Program 
Influence of Vinsol Resin (Type and Amount) on Properties of Concrete 


Water-Cement Ratio, gal. per sack Actual Cement om ' sacks Sand-Aggregate Ratio—% 
per cu. yd. 
Coarse Aggregate Cement 

in |V.R. | 0.01% | 0.02% || Plain | V.R. | 0.01% | 0.02% ||-Plain | V.R. | 0.01% | 0.02% 
it NVR | NVR NVR | NVR NVR | NVR 

: 5.60 5.60 5.44 5.38 5.28 5.27 5.13 38 33 33 33 

B 5.50 | 5.60 | 5.52 5.35 | 5.18 | 5.25 | 5.16 || 38 33 33 33 

Cc 6.0 5.35 5.47 5.27 5.32 4.95 5.21 5.11 38 33 33 33 

D 6.20 5.75 5.70 5.45 5.37 5.22 5.20 5.07 38 33 33 33 

6.20 | 5.70 | 5.67 | 5.42 5.88 | 5.17 | 5.20 | 5.10 || 38 33 33 33 
10 6.55 6.48 6.17 5.30 5.18 5.18 5.05a || 44.5 | 37.5 | 87.5 36.5 
B | 648 | 6.52 | 6.28 5.87 | 5.20 | 5.192] 5.08 44.5 | 87.5 | 87.5 | 36.5 
res 7.10 6.0 5.97 5.80 5.23 4.78 5.15 5.01 44.5 | 37.5 37.5 36/5 
D 7.25 6.60 6.40 6.00 5.30 5.20 5.20 4.97 44.5 37.5 | 36.5 | 36.5 
WE i RG, toc tN eR 7.25 | 6.50 | 6.37 | 6.10 5.29 | 5.12 5.12 5.00 44.5 | 87.5 | 86.5 | 36.5 

~~ Average of all Gravel Mixes............ 6.08 | 5.58 | 5.61 | 5.42 596 | 6.16 | as. 
- Average of all Stone Mixes............-.|| 7.16 | 6.48 | 6.85 | 6.06 5.30 5.09 5.17 | 5.02 44.5 | 87.5 | 87.1 | 86.5 


\ The basic “actual” cement factor for the entire program was determined on mixtures of the four 206a cements using gravel aggregate and was found to be 5.37 sacks/ 


a "Nate: All individual values shown in the body of the table are averages of three results, except the two marked “a”, which are averages of four results. 


Before we get into the slides, I would like to have 
you know what the fundamentals of the program 
were. The so-called fixed factor of the cement con- 
tent for the program was determined on the basis 
of mixture designs with a blend of four of the un- 
treated cements. It turned out to be 5.37 bags per 
cubic yard. You might keep that in mind. It is 
roughly comparable to a 5%-bag mix with which 
you are familiar. The water-cement ratio was en- 
tirely variable, depending upon the demand of the 
cement, the presence or absence of the air-entraining 
agent, or the relative coefficients of friction of the 
round gravel and the angular crushed stone. The 
slump was maintained, basically, at 24% inches. That, 
too, varied slightly within the program because, as I 
have said, the design was based on an initial mix 
with the blend of cements, but basically it was a 2% 
inch slump; which is a very general slump today. 
We would like to see it more general, 

The sand-aggregate ratio was variable as required 
not only by the aggregate that was used, but also 
by the air-entraining agent used. The sand was the 
typical North Shore Long Island siliceous sand with 
a finess modulus of approximately 2.7. The gravel 
was the Long Island uncrushed gravel with a 34 inch 
maximum size and the stone was a recrushed (and 
mark that, please) trap rock produced by the New 
Haven Trap Rock Company with a %4 inch maximum 
size. I should like to stress the fact that it was re- 
crushed and that the shape was highly cubical and 
was not characterized by the flat and slivery shape 


which is all too frequently encountered in crushed 
stone. 


Characteristics of Plastic Concrete 


I will not attempt to discuss the individual values 
shown in Figure 1 because they are not clearly legi- 
ble and can be studied at leisure when the illustra- 
tion is printed, but you will notice on the left at the 
bottom that the average water-cement ratio for the 
gravel mixtures, with the plain cement, was 6.08 
gallons per bag, and the average for all stone mix- 
tures was 7.16. In other words, the crushed stone 
accepted the penalty of over a gallon per bag more 
water than was required by the gravel. 

The average water-cement ratios with cement con- 
taining flake Vinsol resin are shown in the next col- 
umn (I might interpolate here that the amount of 
flake Vinsol resin was 0.03 per cent); the average 
for the gravel mixtures was 5.58 gallons per bag; and 
for stone 6.43—the difference was not quite so great 
as with the plain cement; being 0.85. For the 0.01 
per cent neutralized Vinsol resin it was 5.61 for the 
giavel as compared with 6.35 for the stone, with the 
difference again decreasing to 0.74. With the 0.02 
neutralized Vinsol resin, the water cement ratios 
were 5.42 as compared with 6.06, a further decrease 
ir. differential to 0.64; but in all cases the crushed 
stone required a higher W/C than did the gravel due 
to its harshness even in the cubical shape. The 
actual cement contents differed with the air entrain- 
ment, because no correction was made in this pro- 
gram for the bulking effect of the entrained air, but 
they are basically comparable. 
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FIGcure 2 


CR-NVR Program 


Influence of Vinsol Resin (Type and Amount) on Properties of Plastic Concrete © 


Voids, Per Cent Bleeding, Per Cent Slump, Inches Remolding Time, Seconds 
Coarse Aggregate | Cement 
NVR NVR NVR NVR 
Plain VR Plain Te bo Plain VR Plain VR rs 
0.01 0.02 0.01 0.01 0.02 0.01 0.02 
% % % % % % % 
EE. 0k 6icneaes 1.3 4.3 3.6 6.4 11.4 5.2 9.6 7.2 2.2 2.3 2.4 2.9 6.8 6.1 8.1 7.9 
2.0 5.1 4.0 5.6 14.3 7.2 10.4 10.1 2.25 | 2.2 2.0 2.25 6.8 7.0 8.8 
WN eres ony 2.6 | 10.0 4.7 6.5 6.0 2.6 3.5 2.3 2.5 2.9 1.9 7.1 4.9 8.6 10.1 
WF leraen bane’ 1.5 4.3 4.9 7.5 6.0 2.6 5.1 2.7 2.7 3.1 2.9 2.8 7.2 7.4 6.9 6.9 
er edo eKeees 2.0 5.5 4.9 7.0 4.6 2.9 2.2 1.6 1.9 2.7 2.1 2.0 8.7 6.6 8.3 9.2 
2.7 6.3 5.1 8.0a || 15.0 7.1 19.3 10 .3a 2.25 | 3.2 3.0 3 .2a 6.2 5.2 8.4 8.0a 
2 EER 2.1 4.7 4.8a | 7.3 19.6 | 15.2 15.9a | 15.4 2.0 2.6 3.0a | 2.6 8.0 7.6 8.2a | 8.5 
ie 4.1 14.1 5.7 9.0 13.0 3.1 4.4 3.4 2.8 3.7 1.75 | 2.25 6.4 4.8 | 12.5 10.7 
aD aiuiaia einen 2.7 4.8 4.9 9.8 11.8 7.1 11.9 5.7 2.9 2.75 | 3.0 3.1 7.3 7.4 10.4 6.5 
Te Meiedd aahacaibabs 2.8 6.3 6.4 9.6 7.8 6.1 5.0 3.1 2.3 2.9 2.7 2.6 7.3 8.0 11.2 9.2 
Aver. for Gravel Mixes...|| 1.9 5.8 4.4 6.6 8.5 4.1 6.2 4.8 2.3 2.6 2.3 2.4 7.3 6.6 8.1 8.3 
Aver. for Stone Mixes....|| 2.9 7.2 5.4 8.7 13.4 7.7 8.3 7.6 2.4 3.0 2.7 2.7 7.0 6.6 10.1 8.6 


Note: All values shown are straight averages of three determinations, except the eight mar‘ed “a”, which are averages of four determinations. 


FIGurE 3 


CR-NVR Program 
Influence of Vinsol Resin (Type and Amount) on Compressive Strength of Concrete 
in Terms of the Strength of Normal Untreated Cement 


Strength Compressive Strength Strength 
ge 3 Days* Age 7 Days* ge 28 Dayst 
Cement 
Plain | VR NV Plain | VR N Plain | VR N 
0.01 0.02 0.01 0.02 0.01 0.02 
% % % % | % % 
% % % % % % % % % % % % 
Gravel A 100 87 73 70 100 101 101 86 100 99 99 95 
~* B 100 92 80 70 100 86 96 88 100 83 95 92 
4 Cc 100 62 100 94 100 66 110 103 100 87 96 90 
os D 100 104 95 88 100 100 96 92 100 99 103 105 
. E 100 89 106 97 100 95 97 98 100 101 95 86 
Stone A 100 89 70 92 100 89 94 84 100 94 115 100 
” B 100 88 79 65 100 94 91 90 100 95 103 100 
$ C 100 64 126 97 100 68 146 125 100 86 131 114 
g D 100 109 107 91 100 112 116 101 100 105 117 100 
“ E 100 84 99 76 100 85 98 90 100 78 90 77 
Aver. of 
Gravel 
Mixes | 100 86 90 83 100 91 100 93 100 92 97 91 
Aver. of 
Stone 
Mixes | 100 86 95 83 100 89 107 96 | 100 91 109 97 


Note: * Values shown are averages of three specimens. { Values shown are averages of two specimens. 
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The sand-aggregate ratios varied with the cement 
treatment and with the type of aggregate. That is 
ar important feature in the design of concrete using 
an air-entraining agent. 

I would like to urge that you not follow the all 
too frequent concept that the mixture should be 
re-designed for air-entraining cement. You design 
for it. You start from scratch. I think it would be 
well to separate entirely in your mind and in your 
policy the connection between plain portland cement 
concrete and concrete containing an air-entraining 
agent. They are different things and must be dealt 
with differently. 

Figure 2 shows the influence of the Vinsol resin 
and the types of aggregate on the properties of the 
plastic concrete. The factor of immediate concern 
is the voids, or the entrained air. Keep in mind, 
now, that the differences in water-cement ratio 
shown in Figure 1 are maintained throughout, 
although they are not repeated in the remaining 
illustrations. For the plain cement it will be noticed 
that the gravel mixtures averaged 1.9 per cent air, 
and that the air in the stone mixtures was 2.9 per 
cent. The stone mixtures have a tendency to entrain 
more air than does the gravel concrete. Do not be 
concerned too much about the amount of air shown 
in Figure 2, because that is a function of the mixing 
procedure. It happens that in this program a 3.5 
cu. ft. tilting mixer was used with an initial mixing 
period of three minutes, then a rest period of three 
minutes, and then a final mixing period of one min- 
ute. The idea of the rest period was to get away 
from any tendency that might exist toward flash 
set which would influence the air determinations 
and the bleeding and various other characteristics 
that we were anxious to study without the influence 
of a flash set. 

With the flake Vinsol resin, the stone again had a 
tendency toward entrainment of about 1.4 per cent 
more air than the gravel; and with the 0.01 neutral- 
ized Vinsol resin the gravel concrete entrained an 
average of 4.4 per cent; the stone 5.4 per cent. Now, 
in this case I would like to refer to the fourth column 
in the body of the table which shows the voids for 
flake Vinsol resin cement. You will notice there 
that one of the cements, Cement C, entrained a very 
considerably greater amount of air than did the 
other four, both for the gravel concrete and for the 
stone concrete. That is the particular hazard in the 
use of flake Vinsol resin. That particular cement is 
highly reactive with Vinsol resin. You will notice 
that when the neutralized Vinsol resin is added, 


there is no such great difference in air entrainment 
with the various cements. 

You will note, too, that with only 0.01 per cent of 
the neutralized Vinsol resin, the air entrainment was 
only slightly less than it was with 0.03 per cent of 
the flake Vinsol resin, and that the air entrainment 
obtained with flake Vinsol resin is bracketed be- 
tween the 0.01 neutralized and the 0.02 neutralized, 
so that perhaps with about 0.015 of neutralized Vin- 
sol resin about the same amount of air as was en- 
trained by the flake Vinsol resin might have been 
obtained. 

In the very important factor of bleeding, the stone 
mixtures do not compare favorably with the gravel 
mixtures, and the reason is the considerably higher 
water-cement ratio which was necessary for use 
with the stone. The gravel concrete averaged 8.5 
per cent bleeding and the stone concrete averaged 
13.4 per cent. That is a pretty high bleeding, and 
you will notice the reduction in bleeding due to the 
use of the Vinsol resin. I would like to impress you 
at this point with the fact that those who claim that 
concrete made with air-entraining cement will not 
bieed are overstating the case. The best that any 
air-entraining agent can do is to reduce the tendency 
toward bleeding. If the cement is inherently a bad 
bleeder, the concrete is still going to bleed if you use 
air-entraining cement, but it will bleed considerably 
less. 


Strength 


Figure 3 shows the effect of the Vinsol resin and 
the types of aggregate on the compressive strength 
of the concrete at various ages. The strengths here 
are expressed as percentages rather than as real 
values because we are more interested in relativity 
than in the absolute in these cases. All of the 
strengths are referred to the comparable plain 
cement mixture. It will be noted that even though 
the crushed stone was penalized by the higher 
water-cement ratio, the strengths are comparable 
with the gravel mixtures. At three days, with flake 
Vinsol resin, they both were 86 per cent of the plain 
cement. With 0.01 neutralized Vinsol resin, the 
gravel was 90 per cent and the stone was 95 per cent, 
showing slightly superior strength with the stone 
mixtures even with the higher water content. With 
the 0.02 neutralized resin, the strengths of the gravel 
and the stone mixtures were comparable. 

The basic comparability of strength holds at all 
ages with flake Vinsol resin, but with the 0.01 neu- 
tralized Vinsol resin the stone mixtures were 
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FIGURE 4 


CR-NVR Program 


Influence of Vinsol Resin (Type and Amount) on the Flexural and Compressive Strength of Concrete 


Flexural Strength, psi.* Flexural Strength, psi.* Comp. Strength, 
(Age 28 Days, Air-Cured) (Age 28 days, Fog-Room Cured) i. 28-Day Cyl. 
Coarse Cement og-Room Cured 
Aggregate 
Plain | VR NVR PLAIN VR 0.01% 0.02% 
0.01% 0.02% NVR NVR 
Gravel A 385 380 425 415 480 430 4110 3755 
- B 415 370 415 385 520 450 3830 3455 
- Cc 410 375 445 435 440 400 4290 4030 
« D 400 390 425 375 460 480 3465 3280 
. E 445 405 430 450 440 440 4135 3565 
Stone A 420 360 480 420 510 490 3350 3160 
* B 460 415 470 355 520 490 3520 3125 
- Cc 380 350 455 465 440 340 4250 3645 
9 D 380 400 445 385 450 480 3180 2955 
¢ E 445 395 450 435 470 450 4040 3365 
Aver. of all 
Gravel Mixes | 410 355 430 410 470 440 3965 8615 
Aver. of all | 
Stone Mixes | 415 385 460 415 480 450 | 3670 3250 


* Average of three specimens. + Each value is an average of six specimens. 


Ficure 5 


Influence of Type of Cement and Type of Coarse Aggregate on Durability of Concrete as 


Tested at Experimental Exposure Station No. 1 Treat Island, Maine 
Series CR-NVR 


Durability Factor DFE' at 142 Cycles 


Addition to Cement 


Cement None -VR | 0.01 NVR | 0.02 NVR 
Type 
Type of Coarse Aggregate 

Mill G G s G 
A 38 123 120 130 122 121 122 125 
B 34 119 121 128 116 120 117 118 
Cc 120 130 136 140 115 97 116 123 
D 70 139 129 142 118 121 116 123 
E 122 125 128 138 115 118 112 117 


1In terms of Relative Modulus of Elasticity. See CCL-C 20-44. * Long Island Siliceous Gravel. * Crushed Trap Rock, Conn. 
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stronger at 28 days than the plain cement and the 
gravel mixtures were only slightly less strong at 
that age. 

Figure 4 shows the effect of the Vinsol resin and 
the type of aggregate on the flexural and com- 
pressive strengths of concrete, in this case using real 
values. I might well have used relative values here, 
too, because the strengths are not as high as you 
might expect. The reason is that we were not basi- 
cally interested in this characteristic and the speci- 
mens that were tested were vertically cast columns 
and not the traditional cylinders or horizontally cast 
beams, and curing in fog was not maintained to 28 
days. But the relativity still holds. 

For the plain cements, the strengths were com- 
parable, with the gravel mixtures being slightly 
stronger. With the flake Vinsol resin, the strengths 
were lower than the plain cement concrete and the 
stone mixtures were stronger than the gravel mix- 
tures. The mixtures containing neutralized resin 
were stronger than those with plain cement, both 
with the gravel and the stone. We have found that 
by the proper use of air-entraining cement and 
proper design of the mixture that it is not necessary 
to sacrifice strength materially, either in flexure or 
in compression. 

Flexural strengths at 28 days of fog-cured columns 
are shown in the center columns of Figure 4 for cer- 
tain conditions. The compressive strengths of fog 
room-cured cylinders shown at the right indicate 
that the strength of the gravel mixtures for this 
group of specimens is somewhat greater than that 
of the stone mixtures. 


Durability 


We have at Treat Island, Maine, in the Bay of 
Fundy (which is just as far north and east as you 
can go in the United States and still stay in it), a 
major research installation where we take columns 
of concrete 6 in. by 6 in. by 4 ft. long and install them 
at the mean tide elevation and permit them to be 
thawed by immersion in the water and then frozen 
by exposure to the air. We use the installation at 
Treat Island not for a sea water exposure but for a 
natural rapid freezing and thawing exposure. The 
waters of the Bay of Fundy never get colder than 
about 36 degrees, but the air gets much colder than 
that, so every time the tide covers the specimens it 
thaws them, and every time the tide goes down the 
specimens are frozen. There is nothing standardized 
about the cycle because the air temperature, of 


a 


course, varies very considerably, but we get approxi- 
mately 160 cycles of freezing and thawing up there 
a year. 

The specimens referred to in Figure 5 were ex- 
posed in the fall of 1943, so at the time these data 
were set up they had gone through only 142 cycles 
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of freezing and thawing. They have not reached an 
end point, but there is a definite relationship be- 
tween the durability of the gravel concrete and the 
stone concrete in the column marked “none,” mean- 
ing no air-entraining agent. It will be noted that 
the durability of the gravel concrete is far less good 
than that of the stone concrete in three of the five 
cases, and is less good than the stone concrete in the 
other two, but the difference is not so marked. I 
might state that the reason for the differences may 
be because Cement C has a high-air-entraining char- 
acteristic even though no conscious addition of an 


air-entraining agent is made in its manufacture. But | 


it does show the influence of air entrainment even 
when it is an unconscious addition. 

Where flake and neutralized Vinsol resin were 
used, there is no marked decrement in the durabil- 
ity; which we have come to expect as natural. I 
might explain that the durability factor is a function 
of the decrement in the dynamic modulus of elas- 
ticity of the concrete. 

Figure 6 contains data which I am sure will cheer 
you very much, indeed, but I hope that you do not 
tie to it too definitely. The graphs show the results 
of freezing and thawing in the laboratory with two 
of the five cements. It will be noted that the top 
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curve for Cement A, marked 0.02 neutralized Vinsol 
resin with trap rock, is comparable in durability to 
the 0.01 neutralized Vinsol resin with trap rock. In 
other words, no significant improvement in durabil- 
ity came with the addition of twice as much of the 
air-entraining agent, and they both are far and away 
- more durable than any of the other materials used. 
The gravel concrete with 0.02 neutralized Vinsol 
resin reached 25 per cent of the original modulus of 
elasticity at 300 cycles, whereas neither of the trap 
rock concretes had reached that decrement in 525 
cycles, although they were approaching it. 

The fourth curve is 0.01 neutralized Vinsol resin 
with gravel, and the fifth is trap rock with no air- 
entraining agent. At the end point, at about 130 
cycles, their durability was comparable. That is 


quite an achievement for the trap rock penalized by 
a higher water-cement ratio. 

The last two curves in the lower left are the gravel 
with no Vinsol resin and with only 0.005 per cent of 
neutralized Vinsol resin. The addition of some neu- 
tralized Vinsol resin did improve the durability, but 
not to a significant degree. 

In the family of curves for Cement C the 0.01 per 
cent neutralized Vinsol resin with trap rock was far 
and away the most durable and it only reached a 
decrement of 50 per cent at 450 cycles. The 0.01 per 
cent neutralized Vinsol resin with gravel had reached 
25 per cent at about 330 cycles; and it is interesting 
to note that again the trap rock with no addition of 
an air-entraining agent had a roughly comparable 
durability to the gravel with the 0.01 per cent of neu- 
tralized Vinsol resin, and that the gravel with no 
air-entraining agent was not very durable. With 
these particular conditions, the trap rock concrete 
was about as durable as gravel was with neutralized 
Vinsol resin added, even though the water-cement 
ratio of the trap rock was significantly greater than 
that of the gravel. 

Figure 7 illustrates by bar graphs the relative dur- 
ability of the mixtures in terms of the relative mod- 
ulus of rupture and the relative modulus of elasticity 
for the type of cement, and the amount of the air-_ 
entraining agent used in the gravel and the trap rock 
mixtures. In both of the graphs, which are very 
similar, the improvement in the durability of the 
concrete by the addition of the Vinsol resin is not 
nearly so great with the trap rock as it is with the | 
gravel, and it will be noted that the disparity in dur- 
ability between the gravel and trap rock with plain 
cement is profound; whereas when 0.02 per cent of 
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neutralized Vinsol resin is used the difference is not 
so great although it is still significant. 

Both of those graphs are included because a num- 
ber of persons have questions in their minds about 
the propriety of using the dynamic modulus of elas- 
ticity as a measure of durability of concrete. It seems 
to be an intangible value, sort of an academic or 
theoretical usage, so we, among others, have at- 
tempted to correlate the decrement in dynamic 
modulus with the actual rupture strength of the con- 
crete, and you will see that these graphs are very 
similar, indeed. 

Figure 8 illustrates this relationship differently, 
yet it will be noted that even though the data pre- 
sented were based on from 50 to 525 cycles of freez- 
ing and thawing of gravel and trap rock mixtures 
with and without Vinsol resin, that the relationship 
between the relative modulus of rupture and the 
relative modulus of elasticity is exceedingly good. I 
think that epitomizes the validity of the so-called 
sonic test. Others have found this comparable re- 
lationship. 

Figure 9 is included as sort of a literary purple 
patch in this particular presentation, because you 
will hear more about it in the future. It has been 
my most urgent desire for a number of years to make 
it possible to determine the durability of the in- 
gredients of concrete by tests of concrete contain- 
ing them. We have devised at the laboratory an 
automatic freezing and thawing apparatus with a 
considerable capacity, which makes possible twelve 
cycles of freezing and thawing in a 24-hour period 
without “being touched by human hands”. The 
specimens are placed in a chamber and the refrig- 
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erant is pumped and circulated around them auto- 
matically for a period of an hour, during which time 
their temperature is reduced from approximately 45 
F. to approximately zero F. At the end of that 
period, the refrigerant returns to the cold tank and 
the thawing solution is pumped around the speci- 
mens in the specimen chamber and in the period of 
an hour their temperature is again elevated to ap- 
proximately 45 degrees. These reversals are con- 
tinued automatically. 

The top curve in Figure 9 indicates what happens 
to the thawing solution during the cycle: the temper- 
ature is reduced from about 55 F to about 52 F. The 
bottom curve shows what happens to the refrigerant: 
it is elevated in temperature from approximately 
— 9 F to approximately —4 F. The zigzag curve in 
the middle shows what happens at the center of 
gravity of the concrete specimen as determined by 
a thermo-couple imbedded in the concrete. The cycle 
is recorded on a Brown recording potentiometer and 
continues day in, day out, Sundays and holidays, 
and permits us to obtain 200 cycles of freezing and 
thawing in adequate time to judge the acceptability 
of the material in the normally available 28 days of 
the test period. Prior to completion of this equip- 
ment, one could never tell how long it would take 
to determine the relative durability of a material in 
concrete. Sometimes in the past we have frozen 
specimens for over two years before we could get 
significant differences in their durability. 

Figure 10 departs from the program of which I 
have been speaking and gets into a newer program 
that we have been conducting to determine the ac- 
ceptability of other air-entraining agents than Vinsol 
resin which might affect the durability of concrete. 
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In this program we had switched from gravel as the 
standard aggregate to crushed stone so a lot of the 
durability that is present is attributable to the aggre- 
gate and not only to the air-entraining agent. 

I am not at liberty at this time to disclose the 
identity of all the various admixtures used. The 
letter “P” represents plain cement without any ad- 
mixture, and it will be noted that with the excep- 
tion of one admixture, all of the others had a pro- 
foundly beneficial influence on the durability of the 
concrete; this concrete being made with a cement 
factor of 4.5 bags per cubic yard. The letter “R” 
represents neutralized Vinsol resin added as a solu- 
tion at the mixer. It will be noted that at 280 cycles 
there had been a rather considerable decrement in 
the modulus of elasticity. Heretofore we have taken 
similar concrete to well over a thousand cycles with- 
out appreciable distress being noted. 

Figure 11 is similar except that the cement factor 
was 5.25 bags per cubic yard. 

The accelerated freezing and thawing test has been 
brought into this paper, because we are going to do 
all that we can do rapidly to amass sufficient back- 
ground to permit its use for the acceptance of aggre- 
gate in the type of concrete that might be used in the 
project. for which the material was submitted. We 
will not do this prematurely. We will attempt to ob- 
tain a very considerable amount of data based on a 
number of aggregates collected from widely sepa- 
rated locations in this country. It will probably be 
at least a year, or maybe longer, before we are able 
actually to base acceptance on the results of this test. 


Effect of Mixing Time 


I am sure that all of you, as well as all others inter- 
ested in the technology of concrete, have been con- 
cerned with the tendency, or the apparent tendency, 
of so-called air-entraining cement to increase in its 
air entrainment with prolonged mixing time. We 
have been concerned about that, too, and have been 
doing our best to correct it or find means of avoiding 
it. Figure 12 shows the results of some tests that 
we have made to determine just what the influence 
of mixing time was on the entrained air, using the 
various types of cement included in the program first 
mentioned in the paper. The curve on the upper left 
shows the air entrained by the plain cements with- 
out the use of an air-entraining agent. It will be 
noted that there is no tendency toward increase in 
air entrainment with mixing time. As a matter of 
fact, there is an ultimate tendency toward a slight 
reduction in air entrainment. It will be noted, too, 
that one of the cements (Cement C) entrains a 
total of about 3.1 per cent air in a five-minute mix- 
ing period. 

The curves in the upper right of Figure 12 show 
the influence of mixing time on the entrainment of 
air when interground flake Vinsol resin is used. The 
curve at the top is again Cement C which reacts so 
markedly with Vinsol resin. In five minutes, it has 
entrained almost 12 per cent air and then begins to 
drop off. This dropping off characterizes all of the 
mixtures with which we have had experience. It 
reaches a maximum, holds for a while, perhaps, and 
then drops off. 

The other three cements continue to gain in air 
content up to 15 minutes, or thereabouts, but at a 
slower rate than did Cement C, indicating that there 
is no particularly standard way in which the air en- 
trainment will be effected, but there is a definite 
tendency toward increased air entrainment with con- 
tinued mixing time which would affect the ready- 
mixed-concrete industry. 

The curves in the lower right section of Figure 12 
show the influence of neutralized Vinsol resin when 
interground with the cement. There is a markedly 
reduced tendency on the part of three cements to- 
ward the entrainment of air with continued mixing. 
Even Cement C entrains considerably less air with 
continued mixing time than it did when interground 
with flake Vinsol resin. 

The curves at the lower left of Figure 12 show the 
effect of adding neutralized Vinsol resin to the ce- 
ment at the mixer. It will be noted that in no case 
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is there a tendency toward the increase of air en- 
trainment with mixing time at the longer periods. 
The maximum air is achieved at the 114 to 3-minute 
mixing period. There is some increase between 114 
and 2 minutes. After that, it either holds or tends 
gradually to drop off. I would like to rationalize that 
in so far as I am able to. The flake Vinsol resin, I 
will review, depends on reaction with the cement 
during the period in which it is present in the mixer. 
The neutralized Vinsol resin is not dependent upon 
‘this reaction, but when it is added to the cement at 
the mill, it is subject to the temperature of grind- 
ing, which softens it, and there is a tendency toward 
adsorption of the resin on the surfaces of the par- 
ticles of the cement. In this adsorbed state it is not 
as available for solution as it would be had it not 
been adsorbed. When the neutralized Vinsol resin 
is added to the cement at the mixer, it is able to 
perform its function without any of the extraneous 
factors such as adsorption being present. 

I think that is important and it explains the change 
in my attitude with respect to air entrainment. I am 
convinced that the practice of air entrainment affords 
a tremendous improvement in the technology of con- 
crete. We intend to pursue our studies toward per- 
fection of the practice. We are not accepting any- 
thing as final and we may even change farther than 
we have changed already, but we have already 
changed our policy from insisting that Vinsol resin 
be interground with the cement at the mill to insist- 
ing that neutralized Vinsol resin be interground at 
the mill, and now we plan to make it optional with 
the contractor whether the air-entraining agent is 
interground with the cement or whether it is added 
at the mixer. This is still a transitional phase. I 
do not know where we will go from there; whether 
or not we will go to the point of requiring that the 
admixture be added at the mixer, but it is my im- 
pression from the tests we have made most recently, 
and which are not yet complete, that the potentiali- 
ties of air entrainment will most nearly be com- 
pletely realized in the future with the addition at the 
mixer rather than with addition at the mill. 

There are some practical difficulties on both sides. 
When the air-entraining agent is added at the mill, 
under the present specifications, the amount added 
is controlled by a mortar test. In other words, with 
a standard mortar the air-entraining agent shall not 
entrap in the mortar more than 14 plus or minus 4 
per cent air. On work done very largely by our lab- 
oratory, we had reason to believe that the relation- 
ship between the air in the mortar and the air in the 
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concrete would be about 3 to 1, so that we would get 
in our concrete an air content of approximately 4 to 
5 per cent. The limited experience we have had 
with cement so controlled in field concrete indicates 
that no such clear relationship exists. Perhaps, we 
had a hood over our eyes when we thought that 
such a simple relationship could exist, because we 
were neglecting one of our basic precepts of design 
which is,—that the type of aggregate, the amount of 
cement, the consistency, the water-cement ratio, all 
affect the characteristics of the concrete, so to believe 
that a mortar test could determine definitely what 


. the air entrainment of concrete would be was rather 


wishful thinking. However, it must be stated and 
emphasized that dependence upon the mortar test 
has afforded a definitely improved control over that 
obtained previously by a quantitative limit on the 
amount of the air-entraining agent to be used. 
Generally, we have found that the ratio between 
the air content of the standard mortar and field con- 
crete is closer to 5:1 rather than 3:1, but, there may 
be other cases when the ratio will be less than 3:1. 
So, the control of air entrainment in concrete must 
still remain in the hands of the engineer. When ce- 
ment is ordered with an interground air-entraining 
agent, the manufacturer does his best to make the 
type of air-entraining cement that is desired. When 
the first shipments arrive on the job it may be found 
that the concrete to be used does not possess the 
amount of air-entrainment desired. While some ad- 
justment of the air content is possible by a redesign 
of the mixture, the degree of adjustment is usually 
small, so the only alternative is the rejection of the 
cement and the procurement of a new supply. Some- 
times blending at the mill is possible, sometimes not, 
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but in any case the operation of obtaining the proper 
air-entrainment is costly to the manufacturer and 
costly to the contractor because it occasions delay 
in the progress of the work and speed is of the es- 
sence of any construction contract. If a material is 
added at the mixer, it can be varied from batch to 
batch, if necessary. 

The disadvantage on the side of adding the admix- 
ture at the site of the work is the disadvantage which 
has attached itself to the word “admixture” for as 
long as I have been connected with concrete, that is, 
the onus of “too little or too much”. There are clas- 
sic instances when a certain amount of admixture 
was required to be used but it was forgotten in the 
forenoon so double the quantity was added in the 
afternoon so that at the end of the day it would 
balance out. There are other cases, too, which were 
not quite so simple as that; where the admixture 
would have to be added in a cup, dipper or bucket 
and the addition depended on some well-wishing but 
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not too interested operator’s reaching into a bag or 
barrel and dumping the allotted amount in the batch. 

Obviously, the admixture must be added at the 
mixer by as completely automatic and mechanical a 
means as is now used for the addition of any other 
ingredient of the concrete. It has to be raised to the 
dignity of a basic ingredient of the mixture, and 
there is no reason at all why this cannot be accom- 
plished in a manner similar to the addition of cement 
to the batcher. I think it is certainly well within the 
realm of the ingenuity of the American equipment 
manufacturer to devise such practical means of in- 
suring the accurate and dependable addition of even 
very small amounts of the admixture at the mixer. 

Up to now we have been placed in the position of 
choosing to use air-entrainment with an acceptance 
of the possibility of some reduction in that highly 
important, perhaps too highly important, factor of 
strength. We have said we want the air-entrain- 


‘ment, because it will improve the durability of the 


concrete. It will also most assuredly 
increase the placeability of the con- 
crete. It will also reduce the bleed- 
ing of the concrete. It will also in- 
crease the coherence of the mixture. 
But, some have felt that these desir- 
able features must be obtained at 
some sacrifice in strength. Some be- 
lieve that the reduction in strength 
may be about 25 per cent. We have 
found that usually the reduction is 
not in excess of 10 per cent if the ad- 
mixture and the mixture are well 
controlled, but always there is that 
feeling of some compromise. 

With neutralized Vinsol resin we 
have higher hopes that we can get 
closer to absolute parity but there is 
no reason why the practice of air- 
entrainment should ever be tied to a 
compromise or to parity. There is no 
reason why proper accelerators could 
not be interground with, or added to, 
or mixed with the air-entraining 
agent; in other words, there is no rea- 
son why the air-entraining agent 
should be used alone, and when it is 
added to the mixer the possibilities 
are without limit as to what can be 
done in the compounding of an ad- 
mixture. In our work we have de- 
veloved and used an admixture which 
produced the air-ertrainment desired 


June, 1945 


JOURNAL 15 


and the durability was even greater than has been 
obtained previously with even neutralized Vinsol 
resin when used alone, the strength was improved 
significantly, and most importantly, the bond to 
steel was greatly improved as compared with similar 
concrete made with plain cement; so I think the fu- 
ture of air-entrainment is very great, and I think 
that the future of the use of crushed stone in con- 
crete is very great, too. 

Figure 13 is included to illustrate that concrete is 
not necessarily the more durable for having crushed 
stone used as the coarse aggregate. The concrete 
shown is an 8-in. diameter core, sawed longitudi- 
nally, removed from a dam. The composition of the 
concrete is acceptable by all ordinary criteria. How- 
ever, it was observed that this and other similar cores 
commenced to develop minute hair cracking on 
standing in the laboratory. On exposure to normal 
freezing and thawing in the laboratory, in a moist 
but non-immersed condition, the development of 
cracks was greatly accelerated until the complete de- 
terioration indicated in the view on the right oc- 
curred after 19 cycles. 

Figure 14 shows the rupture of the mortar matrix 
surrounding the coarse aggregate in the same con- 
crete. The nature of the original cracks and of the 
ultimate disintegration indicated that the failure was 
associated with the aggregate, but no actual failure 
occurred in the aggregate particles. Heating and 
cooling tests indicated that a basic differential 
existed between the thermal properties of the ag- 
gregate and of the cementing matrix. Determina- 
tions indicated that the thermal coefficient of expan- 
sion of the aggregate was abnormally low (about 2.2 
x 10-°) as compared to the value usually associated 
with concrete (6 x 10-°), but it was not simple to 
determine the coefficient of the matrix. 

It is apparent from this and other concrete studied 
that the thermal properties of the aggregate are 
prime factors in the influence of an aggregate type 
on the durability of concrete. It happens that there 
was good compatibility between the thermal co- 
efficient of expansion and thermal diffusion of the 
aggregate and the matrix of the concrete in the pro- 
gram of tests on which this paper is principally based 
and that no such compatibility exists in the concrete 
(Figures 13 and 14) taken from the dam. 

I believe that in cases where a considerable num- 
ber of structures have shown distress in the past and 
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Typical appearance of mortar after ten cycles of F & T. 
Magnification 10X. 


Freezing and Thawing Test—Dam Cores 
Shows development and type of cracking. 


that distress has been attributed to the cement or to 
the aggregate, or to frost, it may have been due 
largely to incompatibility between the aggregate used 
and the cementing matrix. Perhaps, that is projecting 
the technology of concrete into the future, but I 
would like to leave with you the thought that your 
researches should be directed toward the study of the 
thermal properties of concrete from a practical stand- 
point, not only in massive concrete, but in any struc- 
ture. If the coarse aggregate will change volumetric- 
ally in a different manner and degree than the sur- 
rounding matrix you are bound to have trouble. 

In closing, I wish to say that it has been decided, 
on the basis of the tests reported here, to permit con- 
crete to contain as much as 0.5 gallons per bag of 
water more than is normally specified when a good 
crushed stone is used. This may be slightly danger- 
ous, because we may find ourselves using crushed 
stones which are not as good as the one that we 
used in the tests, but I think it is a proper step to 
take in recognition of the data which we have. How- 
ever, we have to be far more conscious of the prob- 
lem of the thermal properties of the aggregate and of 
the concrete, and we intend to be. 

Finally, I would like to ask again that you not de- 
pend too much on others for basic information so im- 
portant to the welfare and progress of your industry. 
I would like to see a national organization of all 
aggregate producers dedicated to research and de- 
velopment of aggregate for concrete with facilities 
adequate for the work. 
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Trends in Asphaltic Pavements 


By BERNARD E. GRAY 


General Manager-Chief Engineer 
The Asphalt Institute 
New York City 


HE other day I had a letter 

from a Professor of the 
University of South Africa, 
referring to a conversation 
which he had had with a South 
African engineer just returned 
from a short visit to the United 
States. This engineer had made 
the statement that a consider- 
able change in the manner of 
using asphalt was taking place 
here and had concluded from 
his rather brief contacts that cut-back asphalts were 
no longer favored because the new work he saw was 
of plant-mix type. He also had heard that asphalt 
cement of 200-300 penetration was being used in hot- 
mix work in place of harder asphalts. 

I cite this incident to indicate the difficulty of ex- 
actly predicting trends in construction practice and 
that one’s view depends upon the angle from which 
the field is surveyed, the background which an indi- 
vidual has had in the way of personal experience, 
and an appraisal of the material, labor, and equip- 
ment developments which bear upon the situation. 
Of course, this South African engineer was incorrect 
in his too definite appraisal of the situation. In 1944, 
well over two million tons of cut-back asphalt were 
produced in the United States (equivalent to some 
six hundred million gallons), while the greater por- 
tion of paving asphalts were much harder than 200 
penetration. He evidently had visited only a few 
construction projects, and, while it was a fact that 
on those particular projects certain changes were 
taking place as contrasted with previous work done 
in the same area, he had drawn general conclusions 
which were extreme and, unless qualified, gave an 
incorrect view of the situation. 

There have been a number of developments dur- 
ing the war period, however, which will exert a pro- 
found influence on future paving operations in this 
country, and it is about some of these changes and 
perhaps indicated trends that I wish to talk this 


1Presented before the 28th Annual Convention of the National 
Crushed Stone Association at New York, January 31, 1945. 


e Asphaltic pavements are of special interest to 
crushed stone producers, for stone possesses 
characteristics which make it outstandingly 
fitted for successful use in this type. The con- 
struction methods employed influence success or 
failure and it is timely to have a forward-look- 
ing. constructive paper presented, containing 
ideas for the improvement of the asphaltic type 
as in the following discussion by a well known. 
authority, Bernard E. Gray. 


morning. To some extent the comment of the South 
African engineer was true. There is a trend toward 
the greater use of plant mix, and it is a fact that 
whenever any type mixture is processed in a plant, 
a higher viscosity binder can be used than when the 
processing is done on the ground by mixed-in-place 
methods. Accordingly, there likewise is to be noted 
a definite trend toward the use of higher viscosity 
liquid asphalts (or even soft asphalt cements) in 
place of the more liquid products which were in 
general use prior to the wide availability of: (1) 
mixing plants of great flexibility of operation, and 
(2) mechanical spreading equipment in the number 
which has come into use because of war activities. 
However, this is but a trend, and the amount of 
work which will be accomplished by road-mixing 
and surface-treatment operations will continue to be 
of large amount. In fact, it will be as great or 


greater in volume in the foreseeable future as at any 


time in the past. The thousands of miles of second- 
ary roads which will be stepped up to a higher level 
of usefulness alone will guarantee such a trend, 
while the large amount of accumulated maintenance 
necessary to rehabiliate the present system (which 
has been allowed to suffer under the restrictions of 
wartime) will for the next few years call for the 
complete utilization of all equipment available for 
these types of work. 

In addition to catching up on maintenance, there 
is the need for reconstruction of a large part of the 
primary system, and this will be immediately even 
more important than the much-talked-of regional 
highway construction program so far as providing 
quickly the facilities required for postwar traffic. 
This regional highway program will be confined to 
a limited mileage, whereas the rehabilitation pro- 
gram needed over the entire primary ssytem will be 
many times as great in length. Much of such work 
on the primary system will be accomplished with 
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plant-mix types of asphalt mixtures because of the 
numerous advantages afforded by such procedure. 

One such advantage is the ability to place resur- 
facing over one-half roadway width, while traffic is 
carried over the other half without need for detour. 
Another advantage is immediate use of the resur- 
faced area, as no curing period is required. It is fre- 
quently the practice to surface one half the roadway 
in the morning and then to carry traffic over it in 
the afternoon of the same day while the other half 
is being surfaced. Along with resurfacing the old 
pavement, there often will be need for widening at 
the same time. While a majority of primary high- 
ways have proper alignment, many of them are too 
narrow to safely carry tomorrow’s traffic. 

There are miles of 18- and 20-foot pavements, how- 
ever, which can be widened readily to 22 or 24 feet 
and, when so widened, will adequately serve traffic 
for many years to come. One of the problems for- 
merly had in widening work was to prevent settle- 
ment of this widened area, but today special roller 
equipment is available whereby even a one-foot- 
wide strip can be compacted to such degree (using 
asphaltic concrete) that, when resurfacing is placed 
over both the old pavement and the widened area, 
the desired cross section of completed pavement will 
be maintained as constructed without differential 
settlement. 

This trend toward use of plant-mix surfaces had 
become quite pronounced before-the war, but the 
need for large-scale paving of new roads, streets, 
and airports in connection with the war effort has 
accelerated this trend to a marked degree. It also 
has brought out certain weaknesses in both design 
and construction procedures, which, while pre- 
viously recognized, had nevertheless been tolerated 
because satisfactory work was being obtained, as a 
rule, under the prewar conditions prevailing. 

In the postwar era, asphaltic concrete will be used 
not only in highway resurfacing, but also in the con- 
struction of the new heavy-duty highways on the 
Regional Highway system, the facing of dams, the 
lining of storage reservoirs, the revetting of river 
banks, the construction of jetties, the stabilizing of 
railroad ballast, plus a great number of smaller indi- 
vidual items of use for private industry and on the 
farm. 

Two principal reasons may perhaps account for 
this great potential expansion. One is the availabil- 
ity of plant equipment which brings down the cost 
of finished mixtures to the lowest competitive level 
in history. Asphalt pavements in the past have been 


rarely over three inches in thickness. We shall see 
many miles of asphaltic concrete pavements built in 
the next few years of six-inch thickness. The other 
reason is to be found in the development of chemical 
treatments, which will insure the coating of wet and 
hydrophilic aggregates with asphalt so that the film 
or binder cannot be removed under the most adverse 
conditions. This technological development is ob- 
viously of the greatest importance and opens up a 
vast field of new work which has not been prac- 
ticable before. For example, a jetty can be built by 
dumping the asphalt mix directly on the bottom of 
ocean or river bed, even at considerable depth, and 
building up the required section until it is above 
water at the finished elevation. By control of the 
qualities of the mix, such work can be accomplished 
without need of forms and yet will be dense, water- 
proof, and durable. The advantages of such proce- 
dures are obvious, and the development is mentioned 
to indicate some of the new methods of asphalt con- 
struction which are to come. 

To control the production of mixtures so that the 
finished work shall have the required qualities, it is 
apparent, however, that specifications will have to 
be revised, expanded, or even completely rewritten. 
For many years construction agencies have been 
using specifications which have been borrowed one 
from another, dating back to the original specifica- 
tion written by some long-forgotten engineer. At 
the original writing they may have adequately 
served the needs of that time. Adapted to new situa- 
tions, they often have been anything but accurate or 
even completely descriptive. 

However, engineers and contractors generally had 
become familiar with what was expected in a given 
area, and work was done in a reasonably successful 
manner, although more by mutual consent than be- 
cause of the specifications. The war produced a dis- 
tinct shock in this particular. Engineers who had 
grown familiar with operations in a given area sud- 
denly were transferred to new locations. Likewise, 
contractors became engaged in work in distant areas 
under an entirely different group of engineers and 
for the first time, perhaps, found themselves in some 
difficulty as to what was expected from the specifi- 
cations governing the new jobs. 

Now this situation is the fault of the specification 
writer, and it is high time that nearly all of our pav- 
ing specifications were completely overhauled and 
made to say what they are intended to say and not 
be merely page after page of garrulous verbiage. 
Perhaps one example with regard to paving opera- 
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tions will illustrate the general situation. Let us 
take the seemingly simple item of rolling. Just for 
curiosity, I reviewed the specifications of some fif- 


teen states, each one of which does a large annual. 


volume of asphalt paving. Almost without excep- 
tion, these specifications state that the course shall 
_be rolled until thoroughly compacted and to the 
satisfaction of the engineer. 

Now, what kind of a specification is that? It isa 
clause that has been in general use for years and yet, 
when examined critically, is in reality an expression 
of ignorance. The only reason that it has worked 
is because of mutual! tolerance on the part of the con- 
tractor and the engineer, who in effect have agreed 
that, when they run a roller up and down so many 
times, the course is thoroughly compacted in accord- 
ance with the intent of the specifications. Actually, 
this may or may not be the case. Sometimes it is 
compacted and sometimes it is not compacted, and 
practically all of the troubles which at times have 
arisen with the construction of stone bases and pave- 
ments have resulted from differential settlement, 
most of which could have been prevented by proper 
control of construction operations. As far as that is 
concerned, the same criticism could apply equally 
well to preparation of the subgrade, or placement of 
the subbase or base course, regardless of the type of 
wearing surface. 

Some efforts at better control have been attempted 
in the past, but often they have not kept pace with 
changes in equipment. For example, in respect to 
rolling, there is sometimes a provision whereby the 
time during which a roller shall operate over a given 
yardage is specified in about the following language, 
“Rolling shall proceed continuously at the following 
rates per hour per roller: 

surface course—not in excess of 150 square yards 

binder course—not in excess of 300 square yards 

base course—not in excess of 200 square yards.” 
Provided the rollers operated more or less continu- 
ously and with due regard to the stopping of the old 
steam roller to take on water and coal, this was a 
fair requirement. However, with the general adop- 
tion of the gasoline roller and the mechanical 
spreader, such requirements were clearly in excess 
of the needs of the situation because the mechanical 
spreader produced a certain amount of consolidation, 
while the longer time of actual operation of the gaso- 
line roller—due to elimination of delays in taking 
on water and coal—meant that far more compaction 
was obtained in a given time than had been pre- 
viously the case. However, it was several years 


before specifications were even partially altered to 
meet the improved construction conditions. In fact, 
many public agencies still use the same specifica- 
tions they did twenty years ago. To indicate the 
change brought about by equipment alone, it is to be 
noted that rolling time is now only about one half 
that previously required, everything else being the 
same. 

However, it is obvious that such attempts at con- 
trol are but half measures and that the specification 
should be written something like this, “Rolling shall 
be continued until some standard of quality has been 
achieved.” Now, what are these standards of qual- 
ity? First, a pavement must have the uniform 
strength contemplated from selection of the type. 
With any type of concrete, whether bituminous or 
portland cement, this quality of strength can be 
measured in terms of flexure and shear. For un- 
bound or weakly cemented structures, such as base 
courses of macadam and other selected aggregates, 
the desired strength with any specified quality of 
materials will have been obtained when consolida- 
tion and compaction processes have produced some 
given minimum density. 

This item of rolling is taken merely to emphasize 
the obligation which rests upon engineers so to write 
the details of construction specifications that even 
a new inspector can obtain the quality of work re- 
quired, and yet with all fairness to the contractor so 
that the latter is required to do only that amount of 
work needed to achieve the desired end result. With 
such objectives, and based upon studies of service 
behavior so as to know what these minimum re- 
quirements should be, The Asphalt Institute is com- 
pletely revising construction specifications with view 
to elimination of all indefinite, general requirements. 
It is proposed to provide that asphalt mixtures, as 
placed in the street, highway, airport, revetment, 
jetty, or whatever paving work, shall meet certain 
strength and density standards. It is apparent that 
in setting up such standards the methods of field 
test must be relatively easy and capable of being 
carried on as a routine matter, or else the whole pur- 
pose is defeated. It is also apparent that there have 
been difficulties in the way of carrying on such tests 
in the past, or else these indefinite provisions in 
specifications would not have been permitted to 
remain. 

What are the present methods of making these 
tests and how conveniently can they be carried on? 
Experience has shown that, if an asphaltic concrete 
pavement resists lateral movement under the heavi- 
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est loading and remains waterproof under the most 
adverse weather conditions, it will be durable and 
adequately serve the needs of traffic for which it is 
designed. This ability to resist lateral movement is 
a resistance in shear, and hence the test for this qual- 
ity is a type of shear test, viz., the so-called stability 
test. 

To have a pavement waterproof, it is necessary 
that it shall be of such density that water cannot 
penetrate into the interior of the compacted mix- 
ture. From a study of trial mixtures, a job mix can 
be selected which will have these waterproof quali- 
ties—as represented by some per cent of voids after 
compaction. Experience has shown that hot-mix 
asphaltic concrete will be waterproof if the compac- 
tion process produces a finished pavement with less 
than 6 per cent voids. 

To have the density and stability tests truly re- 
flect field conditions, it is, of course, necessary that 
samples be taken from the finished pavement if their 
behavior is to be the criterion of when adequate 
compaction has been secured. Tests on laboratory 
samples alone are not sufficient. Therefore, it has 
been necessary to devise suitable equipment for tak- 
ing samples from the pavement and in such a man- 
ner that the resultant cylinders or briquettes are 
representative of the actual condition of the pave- 
ment. Also, the cylinders must be kept in such a 
form as to be easily handled without damage until 
after the testing is completed. 

A simple cutting tool has been devised whereby 
cylinders 6 inches in diameter and up to 6 inches in 
thickness can be obtained quickly and intact so that 
samples can be secured every few hours if required. 
There is a field laboratory usually at all asphalt 
plants. The empty trucks returing for load can 
bring the samples to this field laboratory, and the 
density and stability tests can be run as routine pro- 
cedure. All questions as to whether the pavement 
(as being laid) meets specifications would thereby 
be resolved without delay, and the matter of rolling 
would be a question of fact and not guesswork. 

Now for another change, and it would seem to be 
a logical one. If the contractor can devise a proce- 
dure which will obtain the required density in one 
half the time formerly required by conventional 
equipment, that is his good fortune, and he should 
be permitted to make use of it. If by more efficient 
use of conventional equipment he can do the re- 
quired placement in less than average previous rec- 
ords, he should derive the advantages that come 
from such enterprise. It is believed that there is 


much room for improvement in type and use of com- 
paction equipment and that substitution of a quality 
measurement of the end product for the uncertain 
clause, “in the judgment of the Engineer,” is an 
essential forward step to encourage such develop- 
ment. 

I have used this item of rolling purely as one ex- 
ample. Perhaps a brief comment on another aspect 
of the conventional asphaltic concrete specification 
may provoke further discussion. Often there is 
much emphasis placed upon a given gradation of 
aggregate as a criterion of quality. I am not judg- 
ing other specifications only in this comment because 
to some extent our own specifications have had simi- 
lar restrictions. I believe, however, that there is 
much opportunity for greater flexibility in respect 
to gradation controls; changes which would in no 
way injure quality and would often lead to lower 
costs. 

As noted previously, any asphalt pavement that is 
stable and waterproof is likewise durable. Conse- 
quently, any gradation of aggregate that will meet 
these requirements should be satisfactory from a 
service standpoint. Only when surface texture is a 
criterion is there real need for more exact specifica- 
tion of aggregate gradation, and even here limitation 
of maximum size would usually take care of the 
situation. 

It is well known that gradation by itself is not a 
true indication of stability. The fact that a certain 
composition of mixture produces a given stability 
with one aggregate is no indication that it will have 
the same value when using another aggregate. Each 
kind of aggregate has its own peculiar characteris- 
tics and behavior, and the only way to determine its 
behavior is by making trial mixtures and measuring 
their ability to take shear when at the required 
density. 

In other words, requirements for composition of 
mix should be rather wide, but requirement for be- 
havior of the mixture as placed in the pavement 
should be very definite. In the writing of new speci- 
fications, this latter requirement should be the im- 
portant one, and consistent with its attainment con- 
siderable latitude could be allowed a contractor in 
setting up the design of a mix. However, once the 
job mix has been set for a given aggregate supply, 
rigid control in respect to uniformity of plant opera- 
tion should be insisted upon, with definite tolerances 
as to allowable deviation. ; 

There are a number of stability tests, any one of 
which is suitable when properly employed. They 
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include the Hubbard-Field test, the Hveem stabilo- 
meter test, the Marshall test, the triaxial shear test, 
and others. Such tests are not only a means of 
laboratory design, but they are equally well a means 
of control of plant operation. Through their use, 
it is possible to set up the standards of value which 
are needed to meet a given service condition. Corre- 
lated with service history, it is possible to predict 
whether a given mix of the desired density and a 
certain stability will be adequate for a given traffic. 

For example, there'can be the secondary road with 
relatively light-volume, light-unit traffic and only an 
occasional heavy truck. For such conditions, a sur- 
face course having a Hubbard-Field stability of 1500 
might be entirely adequate. On the other hand, a 
primary highway having heavy-volume, heavy-unit 
traffic might require a stability of 2000 or 2500 in 
open country and as much as 3500 on particularly 
heavy-duty streets with numerous stop lights and a 
considerable volume of solid-tired trucks. 

In other words, the design control of mixtures 
should be by means of measuring the strength of the 
finished pavement, and not simply rely on composi- 
tion of mixture alone. The establishment of the 
exact gradation curve should come after the strength 
and density standards have been worked out in the 
laboratory. 

This whole matter of design and inspection proce- 
dure has become increasingly important with the 
large increased use of asphaltic concrete, extending 
into many areas where engineers now are handling 
such work for the first time and where many new 
aggregates are being used. The Asphalt Institute 
has in preparation a complete new manual covering 
such subjects as: (a) how a mixture is designed, 
(b) how plant operation is controlled, (c) methods 
of test, (d) inspection procedure, and (e) standards 
of quality. We believe that this text will serve a 
useful purpose, for it will reflect a most careful study 
of the subject by the asphalt industry. 


Conclusion 


Perhaps I might summarize my entire paper in a 
few short sentences: 

(1) There is a definite trend toward the greatly 
increased use of asphalt plant mix, not only on high- 
ways and airports but also on railroad work, water 
and erosion control, and on the farms. 

(2) Nevertheless, because of accumulated mainte- 
nance and a greatly expanded secondary road pro- 
gram, surface-treatment and mixed-in-place types of 
asphalt surfacing will continue in large volume. 


June, 1945 


(3) The perfecting of various methods whereby 
wet and hydrophilic aggregates may be so coated 
that the asphalt films are completely resistant to 
stripping not only will correct the difficulties experi- 
enced with certain aggregates in conventional pav- 
ing operations, but also will open many relatively 
new avenues of use of asphaltic mixtures. 

(4) A most important development will be the re- 
writing of asphaltic concrete specifications whereby 
definite qualitative standards for the finished work 
shall be established. Many loosely worded clauses 
in respect to such items as spreading and rolling can 
and should be eliminated, with appropriate methods 
of field test substituted in their place. The tables of 
composition of mixtures, while making full use of 
commercial aggregates manufactured to comply 
with Simplified Practice standards, nevertheless 
should be sufficiently flexible in range so that the 
contractor may exercise his ingenuity in developing 
a job mix that will be lowest in cost to produce, so 
long as it complies with required standards for 
density and stability when ready for use. 


Converted Liberty Ships Ferried 
Vehicles for European Campaign 


Specially converted Liberty ships have ferried 
133,654 vehicles from England to the Continent since 
D-Day, the Transportation Corps has disclosed. 

Known as “Motor Transport Vessels,” the Liber- 
ties had four of their five hatches modified for 
handling of vehicles. Each MTV carries an average 
of 124 vehicles and 272 men in addition to its crew. 

Before D-Day the MTV’s were ordinary Liberty 
ships, making normal runs between ports in the 
British Isles and the United States. As plans for the 
invasion took shape, the need for a type of vessel 
which could carry large numbers of vehicles was 
recognized. These vessels would supplement LST’s 
and LCT’s, whose use was limited by the number of 
loading “hards” available. It was decided to convert 
some Liberty Ships. / 

Weeks before D-Day, dock workers started mak- 
ing the changes. Lashings and other equipment to 
prevent the heavy vehicles from rolling when the 
vessel was at sea were installed. The fifth hatch was 
equipped in order to sleep the 272 men who were to 
accompany each load of vehicles. 
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How Facts Help Sales 


By A. T. GOLDBECK 


Engineering Director 
National Crushed Stone Association 


T WOULD seem to be almost axiomatic that any 

salesman should have as wide a knowledge of 
his product as possible. Applied to the crushed stone 
salesman, this means that he should know the char- 
acteristics and properties of crushed stone; how 
these are tested; what the tests signify; how his 
particular stone, because of its special properties 
can best be used; how these properties influence the 
proportions of concrete or bituminous mixtures in 
which it is used in combination with other materials. 
In fact, he should have full knowledge regarding 
his product. Such knowledge is more or less ex- 
pected of him because he is supposed to be a 
specialist in the material he is selling. 

Let us take a look at some of the various ways in 
which the use of knowledge concerning the various 
phases of crushed stone really does aid the salesman 
in the sale of his material. 

By knowing the effects of its physical and chemi- 
cal characteristics he will be able to seek out those 
markets for which his product is best adapted. Let 
us amplify that statement. One of the physical 
characteristics of crushed stone is its angular shape. 
This very angularity, if not carried to excess, is 
really a decided asset to crushed stone, especially 
when it is used in macadam base construction, in 
bituminous. concrete and bituminous macadam, and 
likewise for use in railroad ballast. When angular 
crushed stone is closely interlocked as it is in these 
various types of construction, internal movement 
within the mass of stone is accomplished with ex- 
treme difficulty. That is just one way of saying that 
a mass of angular stone is very stable. This is a 
point to be emphasized in the sale of stone for these 
purposes. Most crushed stone salesmen are aware 
of the truth of the statement that angularity pro- 
duces stability, but that is not enough. Each sales- 
man probably can cite instances in his own locality 
showing the relative stability of stone as compared 
with other materials and he should endeavor to get 
into his files some definite instances of this nature. 
Furthermore, he should be able to turn to references 
in the literature which he could use to prove his con- 


1 Presented at the Twenty-Eighth Annual Convention, National 
Crushed Stone Association, Hotel New Yorker, New York City, 
January 29-31, 1945. 


e Crushed Stone is a product which is successfully 
used in many different ways, frequently involv- 
ing intricate processes of a technical nature. It 
is advantageous for the salesman to understand 
these various uses and the characteristics of 
stone best suited to the work. The present paper, 
based on past experiences, shows how the sales- 
man is helped by a knowledge of technical facts 
and methods. 


tention. Facts certainly are better than mere asser- 
tions. They are most effective in proving some 
definite point upon which the sale depends. 

One very important property of crushed stone is 
its specific gravity, the weight of stone as compared 
with the weight of an equal volume of water, but 
I wonder how many salesmen are fully aware of the 
usefulness of this particular physical value in con- 
nection with their sales work. It is useful in a num- 
ber of different ways, for it is this value which 
controls, to a major extent, the weight of stone hav- 
ing a given gradation. It can be used in connection 
with calculations concerning portland cement con- 
crete, bituminous concrete and macadam, for esti- 
mating the quantities necessary. 

When materials are closely competitive, one with 
another, and these materials have different specific 
gravities, a knowledge of how to make use of specific 
gravity calculations may well clinch a sale which 
otherwise might be lost. It is for this reason that 
in our short courses for salesmen we have laid great 
stress on this property and its use in calculations 
concerning concrete. Applied to different coarse 
aggregates, such calculations show with great exact- 
ness what the differential in sales price may have to 
be to make the sale successful. I say to all crushed 
stone salesmen that they will never regret the time 
necessary to gain the facts and methods which will 
permit them to use specific gravity calculations with 
facility. I can conceive of no fundamental test value 
made in connection with crushed stone which has 
higher importance to the crushed stone salesman. 
The lack of knowledge regarding this property and 
its use can well lead to the loss of many a sale. 

Gain and use the facts regarding the extraordinary 
value which crushed stone has for use as an aggre- 
gate in concrete highways. Why is it that crushed 
stone concrete pavements seem to have such an out- 
standing value? That is a subject which could well 
be discussed for several hours, for it involves a num- 
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ber of considerations, among them being good 
mechanical bond with the matrix or mortar portion 
of the concrete, and, in general, relatively low ther- 
mal coefficient of expansion, which results in rela- 
tively lower thermal stresses in most crushed stone 
concrete. Each aggregate is an individual material 
and it.is highly essential that the salesman get the 
facts for his own crushed stone as compared with his 
competing materials, facts, for illustration, such as 
the relative beam strength or modulus of rupture of 
concrete made with the various competing aggre- 
gates. 

If possible a record of the relative service behav- 
iors of the various aggregates in his vicinity should 
be obtained. Facts such as these are very convinc- 
ing and in many cases will influence a sale in favor 
of his stone. Certainly they influence the type of 
specification which is set up by public bodies con- 
cerning concrete proportions for different types of 
aggregates. I know this to be true for I have seen 
it happen in national and state specifications and I 
have seen crushed stone deliberately singled out as 
the material to use in important concrete pavement 
work as against competing. aggregates, entirely due 
to its superior qualities. This general superiority 
of crushed stone as an aggregate in concrete pave- 
ments should be emphasized by the crushed stone 
salesman, but he should gather all the information 
he can with reference to his particular aggregate 
for use in pavement work as compared with compet- 
ing aggregates. 

I wonder how many salesmen use the well-authen- 
ticated facts applying to crushed stone as an aggre- 
gate in fireproof building construction? These facts, 
in general, are very favorable to most types of stone, 
particularly as compared with the siliceous type of 
gravel which is most prevalent among the gravels. 
Important national codes recognize this difference 
in aggregates and salesmen should be familiar with 
the extent of this recognition and make use of it in 
upholding the sale of their stone for use in building 
construction. We have the facts available within 
our Association and we have published many of 
them and we have tried to emphasize their impor- 
tance in the two schools we have held for crushed 
stone salesmen. 

When a local building code is being written sales- 
men might well remind the building authorities of 
the known differences in fire resistance of concretes 
made with different coarse aggregates and the neces- 
sity of recognizing these differences in their code. 
The use of the facts regarding fire resistance will 
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help to promote the sale of crushed stone through 
the writing of proper building codes. 

Stones differ in their chemical composition to a 
very considerable extent and of course it is now 
well known that the chemical composition controls 
the usefulness of some types of stone for certain pur- 
poses. Particularly is this true of the high calcium 
limestones. In all probability salesmen connected 
with most companies having high calcium limestone 
are well informed as to the possible markets for 
materials of this nature, but every once in a while 
new markets are discovered; new chemical uses are 
developed which require the use of high calcium 
stone. Study is required on the part of salesmen to 
discover the many ways in which high calcium lime- 
stones can be used and I believe that such study 
will be effective in showing the way to new markets 
for their products. The use of the facts in this case 
should be very productive in promoting new sales. 

Another very important way in which the use of 
facts by salesmen can be indirectly productive in 
promoting sales is in bringing about more effective 
cooperative effort between production and sales. 
The salesman must know the kind of material that 
should be produced and the production department 
should keep the salesman informed of the inherent 
difficulties in the production of different sizes of 
materials. The salesman comes into contact with 
the user of his material, the man who writes the 
specifications, and such men are frequently not at 
all familiar with the production problems. The con- 
sequence is that at times specifications are written 
which are impracticable from the production stand- 
point. The salesman, by making use of his knowl- 
edge of what is practicable in the production depart- 
ment can do much to see that proper specifications 
are written. By cooperating with other salesmen 
in adjoining localities, he can help to bring about 
a simplification of sizes so that simpler production 
will result; a better understanding will develop be- 
tween salesmen and consumer; fewer rejections will 
result because the specifications are made more prac- 
tical and sales will then not be hampered because of 
the difficulty of meeting them. Obviously, the facts 
of the case are necessary to aid sales in this manner. 
When the facts are thus used, however, they surely 
will expedite the sale of crushed stone. 

Specifications for highways and other types of 
construction frequently contain clauses which, 
though innocent appearing in themselves, sometimes 
not only react against the sale of stone, but may 
actually make it impossible to use stone in the con- 
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struction covered by the specifications. I have in 
mind, for illustration, specifications for concrete 
which set up a given minimum cement factor, but 
also a limitation on the maximum allowable quan- 
tity of water per bag of cement. A number of speci- 
fications of this type really exclude stone from use, 
because the maximum allowable water content per 
bag of cement cannot be met in stone concrete unless 
a very much higher cement factor is used than with 
more rounded aggregate. This of course means that 
it is extremely difficult for stone to compete with 
certain rounded gravels. Such specifications might 
almost just as well be written saying that stone shall 
not be used in the construction. A knowledge of 
concrete proportioning is necessary in order that the 
salesman may recognize harmful specifications of 
this nature. Obviously, when he does have a knowl- 
edge of the facts, he can make use of them to bring 
such inequities to the attention of specification writ- 
ing bodies to show why the harmful clauses should 
be eliminated. Stone may be a very superior aggre- 
gate for the type of construction concerned even 
though it is eliminated by the specification for con- 
crete proportions. Here is a case where knowledge 
by the salesman will repay him many fold. 

A particularly well informed salesman can fre- 
quently give advice as to the best type of construc- 
tion for a particular purpose on the basis of knowl- 
edge which he has acquired from past experience. 
I have in mind several cases of this kind in which 
stone salesmen have been able to give excellent 
advice to the engineer in charge of the design of 
certain projects with the result that the advice has 
been followed and excellent and very satisfactory 
construction has been obtained. The use of stone 
screenings for parking areas, even on soil which has 
very poor supporting capacity, has been advocated 
in several instances by certain stone salesmen with 
highly satisfactory results. Also, the great advan- 
tage of using screenings as a blanket layer under 
macadam base course has been pointed out by sales- 
men; their advice has been followed and the results 
have been excellent. It is entirely true that many 
salesmen are not in a position to offer advice of this 
kind on the basis of their own experience, but at 
least they can obtain information from other sales- 
men who have had the necessary experience. I am 
sure that it would be freely given. 

In one case a well-informed salesman was able to 
suggest the proper design for a flexible runway for 
an airport carrying the heaviest type of plane built 
today. His advice was essentially followed. I have 


examined spots on the runway where a B-29 landed 
and where it stood for several days. There was no 
evidence of indentation due to this heavy load. This 
was a highly technical service offered by the sales- 
man and our Asssociation was fortunately able to 
cooperate with him to the extent of checking his 
proposed design. 

To my mind there is another and a very important 
way in which salesmen can make use of facts to pro- 
mote the sale of stone. The alert salesman in the 
course of his travels and contacts with others will 
frequently see the need for the construction of 
projects. Notwithstanding his particular and selfish 
interest in desiring that these projects be con- 
structed. I see nothing wrong in his urging their 
desirability before the properly constituted author- 
ity. A recognition of the need of such projects, 
whatever they may be, and a conception of their 
type and character require knowledge and their ade- 
quate presentation cannot be made without support- 
ing facts. So, I say to you again, it is necessary that 
the salesman be armed to the greatest extent possi- 
ble with an array of facts which will permit him to 
encourage needed construction. If he is successful 
the result will be the promotion of the sale of his 
or someone else’s material. But let the project be 
a worthy and useful one. 

Some companies distribute pamphlets or circulars 
containing facts which advertise the merits of their 
particular stone. This is an avenue of sales promo- 
tion which is open to every company and which 
undoubtedly is effective, not so much in the sale of 
stone on contracts for public construction, but rather 
in connection with private work. Quite obviously, 
in order to produce an effective piece of advertising 
literature, the pertinent facts regarding the merits 
of a particular stone must be known, but when those 
facts are known and properly presented there can 
be no doubt that the way is eased for the final sale 
of the material. 


Conclusion 


I have not attempted to present the detailed 
facts which a salesman should have, for this would 
require a very extensive discussion, but it must be 
obvious to anyone that by gaining a full knowledge 
of his material and by using that knowledge in the 
ways I have indicated, and undoubtedly there are 
many more ways, the sale of crushed stone will be 
augmented. It is plain from what has been said that 
the crushed stone salesman is of a high type and he 
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Lack of Plans Jeopardizing Highway 


Program 
By CHARLES M. UPHAM 


Engineer-Director 
American Road Builders’ Association 
Washington, D. C. 
HE future of American highways and the solu- 
tion of our unemployment problem squarely 
rests upon the amount of road projects we have ready 
to put into operation when the war ends. During the 
first postwar year, we propose to build more than a 
billion dollars worth of roads—primary, secondary 
and municipal. This is the program under the Fed- 
eral-Aid Highway Act of 1944 which authorized 
$500,000,000 for the purpose to be matched dollar- 
for-dollar by the states, counties and cities. 

With the need great and with funds available, we 
might well imagine all out state and local highway 
departments busy as beavers turning out blueprints, 
writing specifications and doing all those engineer- 
ing tasks which must be done before contracts can 
be let and the actual work started. Unhappily this 
is not the case. Only eight states have sufficient 
plans ready to make an adequate start; and this 
lethargy and delay may jeopardize the entire post- 
war program. It is a matter that concerns every 
reader of this publication for the condition of the 
nation’s highways affects all of us no matter where 
we live or what we do. The answer is to appeal to 
those charged with preparing plans to get busy im- 
mediately. 

Authorities agree that if one billion dollars in con- 
struction work is proposed, there should be at least 
twice that amount in plans in order to give flexibility 
to the program. With a choice possible, the first jobs 
can be started where the demand for employment is 


the greatest. We have plans for a road at Smithville . 


and at Jonesburg. But Smithville has no unemploy- 
ment, while at Jonesburg men are idle and hungry. 
Naturally it is the Jonesburg project which should 
first receive attention. The Smithville job can come 
later. But if the Smithville job is the only job we 
have, we face a truly grave situation. So let’s plan 
that Jonesburg job at once. 

Findings of a survey by the American Road Build- 
ers’ Association reveal only $685,000,000 in plans now 
completed and these concentrated largely in eight of 
the forty-eight states. Those are serious figures to 
consider. Only a little more than two-thirds of the 


actual construction to be done, and one-third of the 
plans we should have to avoid bottlenecks. No won- 
der the people who drive cars and ship by truck are 
concerned. It is high time that something be done 
about it by our highway users. 

The war is already over in Europe and prospects 
for victory in the Pacific are bright. Hostilities may 
terminate swiftly. Are we going to be caught one- 
third of the way to our goal? That eventuality is 
not pleasant to think about. It means wasteful, ex- 
travagant and unfruitful “made work”, unemploy- 
ment, depression. It should not happen again and 
highway construction planning is the way to pre- 
vent it. 

Some highway departments complain that man- 
power is the cause of their attitude, but let us see 
what others have done. With true American inge- 
nuity, a number of states have overcome the short- 
age of highway employees in a variety of ways. 
Some have employed women at the drafting board 
and even in the field. This has proved satisfactory, 
we are told. 

Others have called in private engineering firms 
and this too has worked out well. Some have used 
engineering students to good advantage, the students 
receiving credit in their class work and pay for their 
time. Retired highway employees have been recalled 
for the emergency, and the payment of overtime for 
employees, not a common practice in highway de- 
partments, did much to step-up plan production. 
One state is proud of the fact that it has trained high 
school students to perform the duties of a highway 
department drafting room. These diverse ways of 
beating the manpower shortage are not copyrighted. 
There’s no reason why all the states should not use 
them. 

Then too former highway employees or young 
men with engineering experience which can be 
adapted at once to highway department _ require- 
ments are returning daily from the war zones. Gov- 
ernment agencies in Washington report that an ap- 
preciable number of such potential rodmen, drafts- 
men and technicians are now available. They should 
be used. 

In order to present a complete case against delay, 
it should be added that federal funds have been set 
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Agricultural Limestone Division 


of NCSA Formed 


ESPONSIVE to a re- 
cent and growing de- 
mand among producers of 
agricultural limestone there 
has been formed an Agri- 
cultural Limestone Divi- 
sion of the National 
Crushed Stone Association. 
Initial action was started at 
the time of the annual con- 
vention last January when 
after a full discussion of the 
matter the Board of Direc- 
tors authorized the Execu- 
tive Committee to proceed with the formation of an 
Agricultural Limestone Division, in order that the 
interests of agricuitural limestone producers might 
be more fully and effectively served. Aware of the 
effort currently being made to form a National Agri- 
cultural Limestone Association, and believing that 
it would be unfortunate to have two organizations 
endeavoring to serve the same field, a determined 
but unsuccessful effort was made to bring the two 
groups together on a mutually acceptable basis. 
The Executive Committee then’ proceeded to de- 
velop a plan for the formation of a Division and sub- 
mitted such plan for consideration to a representa- 
tive group of agricultural limestone producers at a 
meeting in Cincinnati, Ohio, on April 5 and 6, 1945. 
After giving most thoughtful consideration to the 
various factors involved, it was decided at this meet- 
ing, without a dissenting vote, that the interests of 
agricultural limestone producers could best be served 
through the formation of an Agricultural Limestone 
Division of the National Crushed Stone Association. 


Henry A. HUSCHKE 
Managing Director 


Division is Self-Governing 


The Agricultural Limestone Division of the Na- 
tional Crushed Stone Association is self-governing. 
It has its own Chairman, Executive Committee, and 
Board of Directors. By-Laws of the Division will 
permit it to formulate its own policy, establish its 
own budget and rates of dues; and, in general, be 
master of its own affairs, all of course within the 
framework of the Articles of Incorporation and By- 
Laws of the National Crushed Stone Association. 


The By-Laws of the Division provide for a Board 
of Directors of not to exceed thirty-five, including 
the Chairman and the five Regional Vice Chairmen; 
and an Executive Committee of eight. At the or- 
ganizing meeting in Cincinnati the following were 
elected to the Board of Directors and to the Execu- 
tive Committee to serve for the interim period until 
such time as circumstances permit the holding of 
an industry-wide meeting of the Division. 


Board of Directors 


Howard M. Thomas, Chairman, Fort Scott Hydraulic 
Cement Co., Ft. Scott, Kans. 

Paul I. Detwiler, New Enterprise Stone & Lime Co., 
New Enterprise, Pa. 

Earl L. Dingle, Harry T. Campbell Sons Co., Inc., 
Towson, Md. 

John Durrell, Hoosac Valley Lime Co., North Adams, 
Mass. 

James Eells, Basic Dolomite, Inc., Cleveland, Ohio 

Otho M. Graves, General Crushed Stone Co., Easton, 
Pa. 

E. E. Haapala, Zumbrota, Minn. 

P. E. Heim, Carbon Limestone Co., Youngstown, Ohio 

L. be Hayes, Hayes Construction Co., Kansas City, 

0. 

E. L. Heckathorn, Stuntz and Yoeman Lime Quarry, 
Delphi, Ind. 

R. P. Immel, American Limestone Company, Knox- 
ville, Tenn. 

E. J. Krause, Columbia Quarry Co., St. Louis, Mo. 

S. J. Marks, Material Service Corporation, Chicago, 
Il. 

A. W. McThenia, Acme Limestone Co., Fort Spring, 
W. Va. 

Verne C. Morgan, Kentucky Stone Co., Louisville, 


y. 

S. P. Moore, Concrete Materials and Construction 
Co., Cedar Rapids, lowa 

Robert Murphy, Black Creek Stone Co., Black Creek, 
Wis. 

Paul M. Nauman, Dubuque Stone Products Co., Du- 
buque, lowa 
Norbert Neuheisel, 
Claire, Wis. 

W. M. Palmer, Dixie Lime Products Co., Ocala, 

Florida 
W. T. Ragland, Superior Stone Co., Raleigh, N. C. 
A. B. Rodes, Franklin Limestone Co., Nashville, 
Tenn. 
E. V. Scott, Southwest Stone Co., Dallas, Texas 
C. M. Sims, Campbell Limestone Co., Gaffney, S. C. 
O. M. Stull, Liberty Limestone Corp., Buchanan, Va. 


Neuheisel Lime Works, Eau 
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R. T. Willingham, Willingham-Little Stone Co., At- 
lanta, Ga. 


Executive Committee 


Howarp M. THomas, Chairman 
Paut I. DETWILER R. P. ImMMEL 
E. E. HAAPALA E. J. KRAUSE 
P. E. Hem NORBERT NEUHEISEL 


Henry A. Huschke Employed as Managing Director 


In order to immediately undertake the accomplish- 
ment of the objectives outlined in the program of 
activities for the Division, the Board of Directors 
appointed Henry A. Huschke as Managing Director 
of the Division effective May 1, 1945. 

Mr. Huschke is known to many in the industry as 
the former manager of the Agricultural Department 
of the National Lime Association, where he gained 
a broad experience in promoting the practice of soil 
liming. Since March 1942 he has been employed as 
a Business Specialist in the Office of Price Adminis- 
tration. In that capacity Mr. Huschke had under his 
jurisdiction pricing problems relating to agricultural 
liming materials and fertilizer raw materials. He 
graduated from Cornell University in 1922 and since 
that date has been engaged in commercial fields 
closely related to agriculture. Mr. Huschke under- 
takes the program of activities of the new Division 
with enthusiasm and the realization that it is a big 
. job which needs to be done soundly and well. 


Comprehensive Program Formulated 


The program of activities that is being undertaken 
is as follows: 

1. Government. Contacts will be maintained with 
all government agencies, both state and federal, 
whose programs or acts have a bearing upon the 
industry. 

2. Agronomy. The Division will keep in touch 
with the research activities of the various state ex- 
periment stations and will arrange joint conferences 
between member companies and the personnel of the 
state colleges and experiment stations. 

3. Promotion. A vigorous educational program 
will be undertaken. This will take the form of 
booklets, pamphlets, charts, film strips and the like, 
for distribution by member companies. 

4. Bank Loans. The Division will encourage local 
bankers to extend, and farmers to use, long-term 
bank loans to finance the purchase of agricultural 
limestone. It is generally recognized that the full 


returns from the use of limestone accrue over a pe- 
riod of years. This makes the capital outlay for 
limestone unattractive unless long-term financing 
can be arranged. 

Copies of the booklet which presents this program 
have been mailed to a large list of producers and 
distributors of agricultural limestone. Its favorable 
acceptance is evidenced in the number and type of 
firms that, at this early date, have applied for mem- 
bership. 


How Facts Help Sales 

(Continued from Page 23) 
requires a great deal of specialized knowledge of 
his product and the ways to use it to the best 
advantage. 

It is clear that to promote the sale of stone, many 
avenues of approach are open and the pursuance of 
these avenues leads to crushed stone sales. Quite 
evidently, however, to effectively travel them, facts 
must be acquired and used to the best advantage. 
Facts do help sales. I urge on every salesmen the 
desirability of his acquiring as many facts concern- 
ing his own particular material and its uses as he 
can possibly obtain. With those facts at his com- 
mand, I firmly believe that present avenues of sales 
approach will be broadened and others will be re- 
vealed which, hitherto, have been unsuspected. 


Lack of PlansJeopardizing Highway Program 


(Continued from Page 24) 
aside in the Act of 1944 for financing highway plans. 
This removes the last barrier that might be holding 
up essential planning. 

Planning affects every state for each needs many 
hundreds of miles of roads. Those that have been 
the most negligent have announced that their re- 
quirements far exceed the mileage that can be built 
from funds allocated for the first three postwar 
years. A big job lies ahead. 

Every citizen, every taxpayer, every motorist in 
the land should concern himself seriously with the 
highways of the future. He should assist his state 
and local highway officials in every way possible. 
He should let these men know that he is interested 
in their problems and that they have his support. 
The postwar highway program is vital to everyone. 
Ask your highway officials if there is any way you 
can help. 
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MANUFACTURERS’ DIVISION 


of the 


NATIONAL CRUSHED STONE ASSOCIATION 


These associate members are morally and financially aiding the Association in its efforts to 


protect and advance the interests of the crushed stone industry. Please give them favorable 


Allis-Chalmers Mfg. Co. 
Milwaukee, Wis. 
Crushing, Screening, Washing, Grinding, 

Cement Machinery; Motors; Texrope 
Drives; Centrifugal Pumps; Tractors 


American Cyanamid & Chemical Corp. 
Explosives Department 
30 Rockefeller Plaza, New York, N. Y. 
Explosives and Blasting Supplies 


American Manganese Steel Division of 
American Brake Shoe Company 

389 East 14th St., Chicago Heights, II. 

Manganese Steel Castings, Power Shovel 
Dippers, Material Handling Pumps, Heat 
and Corrosion Resistant Castings, Recla- 
— and Hard-Facing Welding Ma- 
terials 


The American Pulverizer Co. 
1249 Macklind Ave., St. Louis, Mo. 
Manufacturers of Ring Crushers and Ham- 
mermills for Primary and Secondary 
Crushing 


Atlanta Truck and Tractor Company 
P. O. Box 4102, Atlanta, Ga. 


Atlas Powder Co. 
Wilmington, Del. 
Industrial Explosives and Blasting Supplies 


Earle C. Bacon, Inc. 
17 John St., New York City 
Primary and Secondary Crushers, Rolls, 
Screens, Elevators, Conveyors—Complete 
Plants designed and equipped 


Barber-Greene Company 
Aurora, Illinois 
Portable and Permanent Belt Conveyors, 
Belt Conveyor, Idlers, Bucket Loaders 
both Wheel and Crawler Mounted, As- 
phalt Mixers and Finishers, Coal Handl- 
ing Machines 


Brooks Equipment and Mfg. Co. 
408-10 Davenport Road, Knoxville, Tenn. 
“Brooks Load Lugger” (Stone Hauling 
Equipment). DAY Jaw Type Rock Crush- 
ers. DAY Pulverizers, or “Swing Ham- 
mer” Crushers 


consideration whenever possible. 


C. G. Buchanan Crushing Machinery Divi- 
sion of the Birdsboro Steel Foundry and 
Machine Co. 

1941 Furnace St., Birdsboro, Pa. 


Primary, Secondary and Finishing Crushers 
and Rolls 


Bucyrus-Erie Co. 
South Milwaukee, Wis. 


Excavating, Drilling and Material Handling 
Equipment 


Cross Engineering Co. 
Carbondale, Pa. 
Screen Plates and Sections, Perforated Plate, 
for Vibrating, Rotary and Shaking Screens 


Deister Machine Company 
1933 East Wayne Street, Fort Wayne, Ind. 
Deister Plat-O Vibrating Screen, Deister 
Compound Funnel Classifier 


Diamond Iron Works, Inc. 
Minneapolis, Minn. 
Rock Crushing, Conveying and Transmis- 
sion Machinery 


E. I. du Pont de Nemours & Co., Inc. 
Wilmington, Del. 
Explosives and Blasting Accessories 


Easton Car and Construction Co. 
Easton, Pa. 
Quarry Cars, Truck Bodies and Trailers 
Electric Heaters for Tar, Asphalt or Bitumen 


Ensign-Bickford Co. 
Simsbury. Conn. 
Cordeau-Bickford Detonating Fuse and 
Safety Fuse 


Frog, Switch & Mfg. Co. 
Carlisle, Pa. 


Manganese Steel Department—Manufactur- 
ers of “Indian Brand’ Manganese Steel 
Castings for Frogs. Switches and Cross- 
ings, Jaw and Gyratory Crushers, Cement 
Mill, Mining Machinery, etc., Steam 
Shovel Parts 
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MANUFACTURERS’ DIVISION of the 
NATIONAL CRUSHED STONE ASSOCIATION 


General Electric Co. 
1 River Road, Schenectady N. Y. 
Electric Motors 


Goodyear Tire & Rubber Co. 
Akron, Ohio 
Belting (Conveyor, Elevator, Transmission), 
Hose (Air, Water. Steam, Suction, Mis- 
cellaneous), Chute Lining (Rubber) 


Gruendler Crusher and Pulverizer Co. 
2915 N. Market St., St. Louis, Mo. 
Rock and Gravel Crushing and Screening 


Plants, Jaw Crushers, Roll Crushers, 
Hammer Mills, Lime Pulverizers 


Hayward Co. 
50 Church Street, New York City 
Orange Peel Buckets, Clam Shell Buckets, 
Drag Line Buckets, Electric Motor 
Buckets, Automatic Take-up Reels 


Heidenreich Eng. Co. 
Newburgh, N. Y. 


Hendrick Mfg. Co. 

Carbondale, Pa. 

Perforated Metal Screens, Perforated Plates 
for Vibrating, Shaking and Revolving 
Screens; Elevator Buckets; Hendrick Vi- 
brating Screens 


Hercules Powder Co. 
Wilmington, Del. 
Explosives and Blasting Supplies 


Hetherington & Berner Inc. 
701-745 Kentucky Ave., Indianapolis 7, Ind. 


Asphalt Paving Machinery, Sand and Stone 
Dryers, Dust Collectors 


Illinois Powder Mfg. Co. 
124 N. 4th St., St. Louis, Mo. 
Gold Medal Explosives 


Iowa Manufacturing Co. 

Cedar Rapids, Iowa 

Rock and Gravel Crushing, Screening. Con- 
veying and Washing Plants, Hot and Cold 
Mix Asphalt Plants, Stabilizer Plants, KU- 
BIT Impact. Breakers, Screens, Elevators, 
Conveyors, Portable and Stationary Equiv- 
ment. 


Kennedy-Van Saun Mfg. and Eng. Corp. 
2 Park Ave., New York City 
Material Handling Machinery—Crushers, 
Pulverizers, Vibrating Screens 


Kensington Steel Co. 
505 Kensington Ave., Chicago. I11. 
Manganese Steel Castings, Dipper Teeth. 
Crawler Treads, Jaw Plates, Concaves and 
Hammers 


Keystone Driller Co. 
Beaver Falls, Pa. 
Drills, Power Shovels 


The King Powder Co., Inc. 
Cincinnati, Ohio 
Detonite, Dynamites, and Blasting Supplies 


Koehring Co. 
3026 W. Concordia Ave., Milwaukee, Wis. 
Mizers, Pavers, Shovels, Cranes, Draglines, 
Dumptors, Traildumps, Mud-Jacks 


Kotal Company 
52 Vanderbilt Ave., New York City 
KOTAL, the Waterproofing Agent for Aggre- 
gates that Improves Hot Mixes, Cold Mizes, 
Traveling Plant Mixes and'Road Mixes of 
Bitumen 


Lima Locomotive Works, Inc. 
Shovel and Crane Division 
1108 Lima Trust Bldg., Lima, Ohio 
Power Shovels, Draglines and Cranes 


Link-Belt Co. 
300 West Pershing Road, Chicago, III. 
Complete Stone Preparation Plants. 
veyors, Elevators, Screens, Washing 
Equipment, Speed-o-Matic Shovels— 
Cranes—Draglines and Power Transmis- 

sion Equipment 


Con- 


Ludlow-Saylor Wire Co. 
Newstead Ave. & Wabash R. R., St. Louis, Mo. 
Woven Wire Screens and Wire Cloth of 
Super-Loy, Manga-Loy and all commer- 
cial alloys and metals 


Mack Manufacturing Corp. 
34st St. & 48th Ave., Long Island City, N. Y. 
Trucks, Truck-Tractors of All Types and 
Capacity, Gasoline or Diesel Power Optional 


Maguire Industries, Incorporated 
Nostrip Division 
2010 Broadway, New York 23, N. Y. 
Nostrip, Roctreet 


Marion Steam Shovel Co. 
Marion, Ohio 
A Complete Line of Power Shovels, Orag- - 
lines and Cranes 


McLanahan & Stone Corp. 
Hollidaysburg, Pa. 
Complete Pit, Mine and Quarry Equipment 
—Crushers, Washers, Screens, Feeders, etc. 
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The National Supply Co., Superior Engine 
Division 
1401 Sheridan Ave., Springfield, Ohio 
Diesel Engine Equipment 


New Holland Machine Co. 

New Holland, Pa. 

Limestone Pulverizers; Jaw, Roll, and Ham- 
mer Crushers; Elevators; Revolving and Vi- 
brating Screens; Dewaterers; Belt and 
Apron Conveyors; Conveyor Belting; V- 
Belts; V-Belt Drives; Engines; Electric 
Motors; Concrete Mixers with or without 
Power Lifts 


Nordberg Mfg. Co. 
Milwaukee, Wis. 
Cone Crushers, Vibrating Screens, Diesel 
Engines, Steam Engines, Compressors, 
' Mine Hoists, Underground Shovels, Track 
Maintenance Tools 


Northern Blower Co. 
65th St. South of Denison, Cleveland, Ohio 


Dust Collecting Systems, Fans—Exhaust 
and Blowers 


Northwest Engineering Co. 
28 E. Jackson Blvd., Chicago, Ill. 
Shovels, Cranes, Draglines, Pullshovels 


Pioneer Engineering Works, Inc. 
1515 Central Avenue, Minneapolis, Minn. 
Jaw and Roll Crushers, Vibrating and Re- 
volving Screens, Scrubbers, Belt Convey- 
ors, Traveling Grizzley Feeder 


Pit and Quarry Publications 
538 South Clark St., Chicago, Ill. 
Pit and Quarry, Pit and Quarry Handbook, 
Pit and Quarry Directory, Concrete Manu- 
facturer, Concrete Industries Yearbook 


Robins Conveyors Incorporated 
270 Passaic Avenue, Passaic, N. J. 
Belt Conveyors, Bucket Elevators, Gyrex 
and Vibrex Screens, Feeders, Design and 
Construction of Complete Plants 


Rock Products 
309 West Jackson Blvd., Chicago, Ill. 


Ross Screen and Feeder Co. 
19 Rector St., New York Citv 
Ross Patent Chain Feeders for Feed Control 
of All Sizes Rock, Ores, Gravel, etc. 


Sanderson-Cyclone Driil Company 
South Main St., Orrville, Ohio 
All steel wire line, air speed spudder, large 
blast hole drills. Drilling tools and drilling 
supplies 


Screen Equipment Co. 
9 Lafayette Ave., Buffalo, N. Y. 
SECO Vibrating Screens 


Simplicity Engineering Co. 
Durand, Mich. 
Simplicity Gyrating Screen, 
D’centegrator, Simplicity 
Wheel 


Simplicity 
D’watering 


Smith Engineering Works 

E. Capitol Drive at N. Holton Ave., 

Milwaukee, Wis. 

Gyratory, Gyrasphere, Jaw and Roll Crush- 
ers, Vibrating and Rotary Screens, Gravel 
Washing and Sand Settling Equipment, 
Elevators and Conveyors, Feeders, Bin 
Gates, and Portable Crushing and Screen- 
ing Plants 


Stedman’s Foundry & Machine Works 
Aurora, Indiana 
Stedman Impact-Type Selective Reduction 
Crushers, 2-Stage Swing Hammer Lime- 
stone Pulverizers 


Stephens-Adamson Mfg. Co. 
. Aurora, Il. 
Belt Conveyors, Elevators, Feeders, Car Pull- 
ers, Screens, Skip Hoists, Complete Plants 


Taylor-Wharton Iron & Steel Co. 
High Bridge, N. J. 
Manganese and other Special Alloy Steel 
Castings 


The Texas Co. 
135 E. 42nd St., New York City 
Asphalts, Lubricating and Fuel Oils 


The Thew Shovel Co. 
Lorain, Ohio 
Power Shovels, Cranes, Crawler Cranes, 
Locomotive Cranes, Draglines. Diesel 
Electric, Gasoline. 3/8 to 2-1/2 cu. yd. 
capacities 


The Traylor Engineering & Mfg. Co. 
Allentown, Pa. 


Stone Crushing, Gravel, Lime and Cement 
Machinery 


Trojan Powder Co. 
17 N. 7th St., Allentown, Pa. 
Explosives and Blasting Supplies 


The W. S. Tyler Co. 


3615 Superior Ave.. N. E., Cleveland, Ohio 
Wire Screens, Screening Machinery, Scrub- 
bers, Testing Sieves and Dryers 


Vibration Measurement Engineers 
7721 Sheridan Rd., Chicago, III. 
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